Chronic inflammatory demyelinating polyneuropathy (CIDP) is an acquired immune-mediated disease that evolves in a progressive or relapsing pattern over months to years. Although "typical" CIDP is characterized by symmetric proximal and distal motor and sensory deficits, it is now recognized that multifocal (asymmetric), distally predominant, pure sensory, and pure motor variants also fall within the CIDP spectrum. First-line treatment options for CIDP include corticosteroids, intravenous immunoglobulin (IVIG), and plasmapheresis (plasma exchange). 1 For patients refractory to first-line options or those chronically dependent on high-dose first-line therapy, no evidence-based treatment recommendations exist. Cytotoxic immunosuppressant drugs are sometimes utilized. 2 Close follow-up care is essential for treatment administration and optimization. Patients treated with IVIG or plasma exchange need regular treatment visits to maintain therapeutic efficacy, typically every few weeks. Many patients with CIDP remain on such treatment for years. While, in some, chronic immunotherapy is justified on the basis of well-defined clinical changes indicative of active disease (e.g., treatment-related fluctuations or relapse); in many patients, treatment is driven by subjective feelings of benefit without objective evidence of improvement in motor and sensory deficits or disability. 3 There is an opportunity to supplement periodic outpatient clinical visits with currently available objective measures as a means to improve confidence in treatment-induced disease modification, optimize therapy, and justify treatment dependence for those on chronic therapy.
Evaluating responses to treatment in CIDP may be difficult. The absence of a clear definition of treatment response, in part due to the heterogeneous nature of CIDP and its variants, is one challenge. The many scales that have
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Optimizing the Use of Outcome Measures in Chronic Inflammatory Demyelinating Polyneuropathy been developed to measure strength impairment, sensory dysfunction, and disability emphasize the many modalities in which treatment response can be objectively assessed. 4 Established outcome measures are typically employed in clinical studies in order to ensure comparability between trials.
Outcome measures are considered appropriate for use if they demonstrate high validity (i.e. they are able to measure the intended parameter) and reliability (i.e., they measure the parameter in a reproducible manner) and are sensitive to change. 3 However, many measures used in clinical trials are not accessible or feasible for daily practice. This is a critical factor when evaluating patients with CIDP. This article aims to review currently used and validated outcome tools in CIDP, assess their suitability for use in everyday clinical practice, and highlight other potential tools that might be helpful in the routine clinical settling.
Validated scales for assessing outcomes in CIDP
A number of different outcome measures that are appropriate for use in CIDP are summarized in Table 1 and described in detail below.
Inflammatory neuropathy cause and treatment disability scale and sensory subscore
From a consensus meeting on outcome measures in inflammatory neuropathies, the level of disability emerged as the primary measure for assessing treatment efficacy. 4 The inflammatory neuropathy cause and treatment (INCAT) disability scale captures upper and lower limb dysfunction separately on a scale of 0 to 5, which are then added together for a total composite score ranging between 0 and 10. 5 Lower scores indicate no or minimal disability (no arm dysfunction or walking abnormality); higher 6, 7 The adjusted INCAT disability score is identical to the INCAT disability score with the exception that changes in upper limb function from 0 (normal) to 1 (minor symptoms) are excluded. This exclusion was made because upper limb changes from 0 to 1 (minor symptoms in the fingers which do not impair any functional activities) were not judged by regulatory agencies to be clinically significant in all patients. This measure showed statistically significant differences in favor of patients treated with human IVIG, 10% caprylate/chromatography purified, compared with patients who received placebo. The most common adverse reactions were headache, fever, chills, hypertension, rash, nausea, and asthenia, and the most serious adverse reactions in clinical studies was pulmonary embolism (PE) in 1 subject with a history of PE. 7 The INCAT sensory subscore (ISS) has been evaluated for uniformity in assessing sensory deficit in immune-mediated polyneuropathies. 5 The scale assesses light touch, pin-prick, vibration, and joint position sense in distal and proximal upper and lower limb areas as well as 2-point discrimination at the index finger. In a psychometric validation study, moderate to good validity was obtained for the ISS combined with acceptable internal consistency and inter-and intra-observer reliability. Standardized response mean scores for the ISS were high, indicating favorable responsiveness. 5 Although the ISS has been recommended for evaluation of sensory deficit in clinical practice and in trials, it may not be the optimal choice for all types of inflammatory neuropathy. In clinical trials of rituximab for anti-myelinassociated glycoprotein (anti-MAG) neuropathy, no ISS changes were found, suggesting either treatment failure or lack of ISS sensitivity to change. proximal arm weakness and fails to capture subtle changes in gait stability and running. As such, the scale has poor sensitivity for detection of subtle but clinically meaningful change, 9 which is again highlighted in a study of anti-MAG neuropathy. 8 Such changes may be better addressed by the overall disability sum score (ODSS) or the overall neuropathy limitations scale (ONLS).
Overall disability sum score and overall neuropathy limitations scale
The ODSS was the first scale designed to quantify the limitations of patients with immune-mediated peripheral neuropathies. 10 The simple to use and demonstrated high validity, reliability, and responsiveness in CIDP, providing a better evaluation of impairment leading to disability than the other measures. 10 In another study, the ODSS was compared with other disability scales in 20 consecutive patients with recently diagnosed GBS (n=7) or CIDP (n=13). The ODSS showed higher correlation with short form-36 (SF-36) domains and patients' own perception of their clinical condition than other disability scales. 11 The authors concluded that the ODSS was a useful primary outcome measure for clinical trials investigating CIDP therapies, 11 an opinion that is shared by many neurologists. 4 One limitation of the ODSS is its failure to measure difficulties with climbing stairs and running. Therefore, a modified peripheral neuropathy measure, the ONLS, was devised. 12 Specifically, the ODSS item "Does the patient have difficulty walking?" was changed to "Does the patient have difficulty walking, 
The Rasch-built overall disability scale
The INCAT scales are based on classic test theory, i.e., multi-item measures that assume all components have equal weight and therefore equal relevance. 13 Physicians often incorrectly interpret a 1-point response change for an item (e.g., from 0 to 1 as equivalent to a 1-point change from 2 to 3). However, since the response options are ordinal based, the true distance between the response categories is not known and may be unequal. The Rasch statistical methodology overcomes these shortcomings.
Rasch is a mathematical model that aims to give a true reflection of disease impact based on the probability that a person will be able to complete an item, dependent on the item difficulty and the person's level of ability. 14 For example, it is logical to assume that walking up a flight of stairs will be a much more difficult task to accomplish than washing one's face.
The Rasch-built overall disability scale (R-ODS) for immune-mediated peripheral neuropathies is a patient-based, linearly weighted scale that captures activity and social participation limitations in patients with CIDP, GBS, and polyneuropathy associated with a monoclonal gammopathy of undetermined significance (MGUSP).
14 The assessment includes 24 questions that address upper and lower limb disability. These range in difficulty from ability to read a book, eat, or brush teeth to dance, stand for hours, and run. Participants are asked to indicate if they can easily perform the task, perform it with difficulty, or are unable to perform it at all. Both the ability of the patient and the perceived difficulty of a task are tallied for a raw R-ODS score that ranges between 0 (complete disability) and 48 (no disability). The resulting raw R-ODS score can then be transformed to a final R-ODS score ranging from 0 to 100. Of note, R-ODS scale developed for multifocal motor neuropathy (MMN) is tailored to that condition and should not be confused with the RODS disability score for CIDP, GBS, and MGUS neuropathy. 15 A preliminary study assessed R-ODS in 294 patients who had experienced GBS in the past (n=174) or had stable CIDP (n=80) or MGUSP (n=40), and reported good reliability and validity.
14 Another advantage of R-ODS (now referred to as I-RODS or inflammatory-RODS) is the ability to better capture clinically meaningful changes over time compared with the INCAT-ONLS in patients with GBS (n=55) and CIDP (n=59). 16 The I-RODS offers a more sensitive outcome measure than INCAT-ODDS or OLNS, and it has been proposed as the primary measure of disability in future clinical trials involving patients with GBS and CIDP. 17 Feasibility is both an advantage and potential limitation of the I-RODS.
Although the scale can be completed quickly with minimal training, the resulting raw RODS score is not designed to be interpreted directly but rather items should be transformed to the linear weighted final R-ODS score using a conversion table.
14 Even then, intra-patient I-RODS minimal clinically important differences are difficult to interpret. 16 Another potential disadvantage is the observation that in different geographical regions, item bias was observed in 6 of the 24 (25%) items, which suggests that the scale requires further cross-cultural exploration. 17 
Gait assessments
The traditional scales used to analyze gait parameters in clinical conditions are carried out by specialists who observe the quality of a patient's gait by making him/her walk. This is sometimes followed by a survey in which the patient is asked to self-evaluate the quality of his/her gait. The disadvantage of these methods is that they are subjective, raising concerns of accuracy and precision as well as reproducibility. Newer gait analysis devices and techniques allow a more objective evaluation of gait, resulting in more meaningful and reliable data. This reduces the error margin caused by subjective techniques. The GAITrite system has the advantage of being portable and easy to store and use, as well as being relatively inexpensive. In a preliminary evaluation, its validity compared with other methods was good, and it was capable of measuring both temporal and spatial parameters of gait at a variety of speeds. 21 A study of 25 healthy adults showed good validity and retest reliability, although the repeatability was more variable at slow speeds. 22 The use of the GAITrite has also been validated in children. 
Timed up and go test
The Timed Up and Go (TUG) test involves a patient standing up from a seated position, walking a short distance, turning around, returning, and sitting down again. 24 In a study of 60 elderly patients (mean age 79.5 years) it was found to be reliable (inter-rater and intra-rater) and correlated well with log-transformed scores on the Berg Balance Scale, gait speed, and Barthel Index. It also seemed to predict the ability to walk outside alone safely. The test is quick and requires no special equipment or training, and can be used in routine evaluation. 25 It also includes getting up from a chair, walking, and turning, which incorporates a number of aspects of lower leg function. The limitation of the TUG test is the absence of validity and sensitivity to change data in patients with inflammatory neuropathy.
10-Meter walk test
The 10-Meter Walk Test (10MWT) assesses walking speed. In a study of 43 healthy adults (mean age 84.3±6.9 years) the 10MWT was compared with the 4-Meter Walk Test (4MWT). Although both gait speed assessments had excellent test retest reliability with similar standard error of measurement across measurement methods and minimal detectable change values, the 4MWT did not give a high enough degree of concurrent validity, and the discrepancy was large enough to potentially mask meaningful changes in gait speed over time if both methods were used interchangeably. 26 The 4MWT has not been tested in patients with CIDP. In a study of 12 patients with CIDP, the 10MWT was used alongside a performance-based body function test, a self-reported activity test, and a self-reported functioning test. While the 10MWT was considered useful in assessing gait in patients with CIDP, a clear relationship between body activities and functioning was not found, highlighting the importance of assessing multiple parameters in investigating inflammatory neuropathies. 27 In addition, some patients with CIDP and MMN performed the 10MWT with ease as they experienced difficulties only with walking long distances. This suggests that an extended walking test should also be performed.
Review CIDP
The 6-minute walking test is another established and validated assessment of walking ability. It has been found to correlate with established outcome measures in spinal muscular atrophy, and is sensitive to fatigue-related changes but has not been assessed in patients with CIDP. 28 In summary, objective gait analysis is a potentially important outcome measure in CIDP. Currently available measures, in particular TUG and 10MWT, may be both reliable and feasible in the routine clinical care setting, but their validity in CIDP has not yet been established. When using gait as a measure of outcome in CIDP it is important to keep in mind that simply assessing the ability to walk is an inadequate representation of a patient's overall function. 29 As such, quantifying gait impairment with reliable and valid assessments is needed, as is combining gait impairment with other validated clinical outcome tools in patients with relatively preserved gait but substantial disability in other areas.
Grip strength
Grip strength has largely superseded older methods of assessment of muscle strength, such as the MRC-SS. 30, 31 Grip strength can be assessed using various devices such as the Jamar ® hand-held dynamometer (Lafayette Instrument, Indiana, US) and the Martin vigorimeter (Martin, Tuttlingen, Germany) 6 (see Figure 1 ). Both provide a quantitative objective measure of grip strength and an instant measure of strength impairment. 32 The dynamometer is used more commonly in the US and the vigorimeter in Europe. A study comparing the vigorimeter versus Jamar dynamometer in immune-mediated neuropathies, including CIDP, revealed that significantly more patients preferred the vigorimeter, largely based on hand comfort during testing. 33 Validity, reliability, and responsiveness were similar between the two tools.
The advantages of testing grip strength are many. It is a quantifiable outcome measure that can be collected quickly and easily, is relatively objective, and is less susceptible to bias than other outcome measures.
In a systematic analysis of data from patients with CIDP in the ICE study, both vigorimeter-measured grip strength and the INCAT disability scale showed significant improvement at week 6. Dominant hand grip strength, however, showed a statistically significant improvement earlier than INCAT, at day 16 and at day 21 (p=0.018 and p=0.021) and also captured deterioration earlier. 34 Although some have raised concerns that in routine clinical practice a patient's grip strength may be poorly representative of lower limb or proximal predominant weakness 35 in a randomized controlled trial, grip strength was shown to provide objective documentation of global neurologic status in patients with CIDP, not limited to the upper limb or exclusively motor function. 34 Disadvantages include the expense of purchasing special equipment, the need to supervise the measure to assure standardized technique, and limited utility in patients with severe hand weakness (<5 kg).
Manual muscle strength testing and isokinetic strength testing
The MRC developed the manual muscle test (MMT) to assess muscle weakness in daily clinical practice, The MMT is straightforward to perform, allows for muscle strength sampling in proximal and distal upper and lower limb areas, and does not entail the use of expensive instruments. A drawback of this test is its lack of sensitivity for the detection of mild to moderate weakness of large muscle groups when symmetrical weakness is present. 36 Examples of such muscle groups include the ankle plantar flexors, knee extensors, and hip flexors. In addition, the MMT is highly dependent on the skills and experience of the assessors, which means that the inter-rater reliability can be low. 36 By contrast, isokinetic testing is a quantitative measurement of muscular contraction that allows objective, valid, and reliable measurement of the force produced by a skeletal muscle during exercise at constant velocity and when accommodating resistance. 37, 38 Isokinetic testing may be better suited to detect small changes in muscle strength over time compared with MMT. In addition, isokinetic testing may be better suited to quantitate how much resistance muscles take when graded 4/5. Isokinetic testing protocols, described by Harbo et al. 39 have been used as an outcome measure in studies exploring the safety and efficacy of subcutaneous administration of immumoglobulins in CIDP. [40] [41] [42] Cost and space constraints limit the utility of isokinetic dynamometry in the routine clinical care setting. The assessment also can be timely to perform and requires expertise on the part of the evaluator to become familiar with the testing protocols. Some muscles, in particular muscles that are very weak or very distal, may not be appropriately assessed with isokinetic dynamometry.
Fatigue severity scale
Fatigue is a complex entity that is sometimes a debilitating symptom in patients with immune-mediated polyneuropathies. In a noninterventional study, changes in depression and fatigue dynamics are being assessed in patients with CIDP. 43 Early results suggest that fatigue imparts a high burden on patients with CIDP and should be considered a relatively independent and potentially disabling symptom in patients with CIDP. 44 The fatigue severity scale (FSS) is one available tool to measure fatigue. 44 FSS is a patient self-assessment questionnaire that measures fatigue severity and impact on activities and lifestyle by asking participants to respond to 9 separate items. Responses are scored on a 7-point scale (1 = strongly disagree, 7 = strongly agree; total score range 9-63, where a higher score indicates more fatigue). The FSS has been validated in a large patient cohort and was considered simple to use and showed excellent internal consistency and reliability. 45 In a cohort of 133 patients with immune-mediated polyneuropathies (22 with CIDP), "severe" fatigue (FSS scores ≥95th percentile values in controls) was present in 80% of 
Quality of life
Experts have emphasized the importance of QoL measures in the assessment of inflammatory neuropathies. Factors such as low motivation, fatigue, pain, and depression can affect patients' confidence to focus on the challenges of recovery. 17 A neuropathy-targeted healthrelated QoL measure based on the RAND-36 Health Survey was described in 2000. 48 This measure demonstrated acceptable validity, reliability, and responsiveness in patients with diabetes-related neuropathies and was considered appropriate for patients with CIDP, 48 although it has not been widely adopted.
The SF-36 is one of the most widely used generic QoL measures but does not address specific QoL issues in CIDP or other neuropathies.
In addition, patient responses may be influenced by unrelated health issues. In a 2002 study, the SF-36, together with 3 other measures (MRC-SS; sensory sum score; Hughes functional scale) was shown to complement traditional outcome measures in 144 patients with immunemediated polyneuropathies, including 23 patients with CIDP. 49 The SF-36 demonstrated acceptable validity and internal consistency values and moderate to good standardized response. Patients who were more disabled had lower scores on the physical measures compared with the less disabled. In general, patients alter their functional expectations over time and learn to cope with their limitations as mental health and subjective well-being were the least affected parameters. 48 The SF-36, therefore, complements the traditional assessment of symptoms, signs, and laboratory studies in these conditions and facilitates the evaluation of not only physical but also mental functioning. Neurospecific QoL measures, such as the NeuroQoL, have been validated in other neurologic conditions but have not been widely adopted and have not been used in CIDP. 50 A new disease-specific, health-related QoL scale has recently been validated in patients with CIDP, MMN, and monoclonal Ab-associated polyneuropathy, termed the Chronic Acquired Polyneuropathy Patientreported Index (CAP-PRI). The CAP-PRI assesses various life domains, including physical and social functioning, pain, and emotional well-being and appears to cover the various degrees of disease severity.
Although not yet used in clinical trials of CIDP, the CAP-PRI is quick, easy to use and interpret, and available in the public domain and thus may be well suited for assessing QoL in clinical practice. 51 A comprehensive examination of the relationships between impairments, activity levels, participation restriction, and reduction in QoL has been reported using the data from the ICE trial. 52 This analysis suggested that changes in strength, sensation, and some neurophysiologic measures are associated with a restriction on daily activities and social participation and a reduction in QoL. Up to two-thirds of disability was accounted for by impairment measures and half of the variance of QoL component measures was explained by a combination of impairment and activity measures. Future studies are needed to further explore the impact of CIDP on disability and QoL changes.
Practical application of outcome measures
There are no evidence-based data to guide the timing of outcome assessment in those with CIDP. Based on a large interventional trial in CIDP, it is advisable to assess CIDP outcomes at month 3 after starting treatment as most who respond to treatment should do so within the first 3 months. 7 Periodic assessments thereafter are highly influenced by individual disease severity and response to immunotherapy. Repeat clinical assessments are encouraged before and after dosing changes. It may also be preferable to arrange assessments immediately prior to IVIG to capture patients at their theoretically worst CIDP status.
Patient-related outcome measures (PROMs) are emerging as a valuable means of assessing response to IVIG therapy, and are increasingly administered in the home setting. 53 The use of PROMs is particularly appropriate in conditions such as CIDP, where disease manifestations are readily evident to the patient and may vary with daily activities. 54 The utility of home evaluation of I-RODS has been previously discussed. 16 A small study found strong correlations between clinic and home evaluations of I-RODS and INCAT scores in leg function, although INCAT scores for arm function showed significant differences, with home evaluations typically scoring 1 point less. 55 In some clinical practices, frequent patient-reported grip strength collection at home with electronic communication to the physician is utilized to complement outcomes collected during routine clinical visits.
The feasibility and reliability of at-home grip strength collection has not been reported in large groups of CIDP patients. Important advantages of at-home collection include frequency of data entry, the ability to monitor remotely, and the collection of data at clinically critical time points (e.g., end-of-cycle IVIG deterioration, after-treatment assessment of response, or for relapse after therapy discontinuation).
Summary and concluding remarks
The applicability of an outcome measure is dependent on its validity, reliability, and capacity to detect meaningful clinical changes over time ("responsiveness"). 56 Ease of implementation in clinical practice is also important. To be useful in a clinical setting, outcome measures need to navigate constraints in time, equipment, and expertise while also providing accurate data that inform therapeutic decisions. It is important to be aware Renal dysfunction and acute renal failure occur more commonly in patients receiving IVIG products containing sucrose. GAMUNEX-C does not contain sucrose. For patients at risk of renal dysfunction or failure, administer GAMUNEX-C at the minimum concentration available and the minimum infusion rate practicable.
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